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@ A charge storage device.

@ The storage elements (3) of an array (2) are arranged in rows and columns with the storage elements (3) in
a column being coupled to a first conductor (4) and the storage elements (3) in a row being coupled to a second
(5) and to a third (6) conductor. Each storage element (3) in a row is coupled to the associated second
conductor (5) by a first rectifying element (D1) and to the associated third conductor (6) by a second rectifying
element (D2) with the first and second rectifying elements (D1 and D2) allowing the passage of current when
forward-biased by applied voltages. The third conductors (6) also form the second conductors (5) of any
adjacent rows. The first and second rectifying elements (D1' and D2') of alternate rows (N, N+2, N+4, ..) are
oppositely oriented to those (D1" and D2") in the remaining rows (N+1, N+3, ..). An arrangement (7) is
provided for applying voltages to the second and third conductors (5 and 6) for enabling only the first and
second rectifying elements (D1 and D2) associated with a selected row of storage elements (3) to be forward-
biased to allow charge stored at the storage elements of the selected row to be read. This allows the problems
of incomplete recharging of storage elements (3) to be reduced without having to increase the overall number of
conductors.
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This invention relates to a charge storage device and to a method of operating such a device.

Figure 1 of the accompanying drawings shows an example of a pixel 101 of a known charge storage
device in the form of an image sensor 100. Generally, the image sensor 100 will comprise a two-
dimensional matrix of rows N and column M of pixels with associated row 102 and column 103 conductors.
However, in the interests of convenience, only one pixel is illustrated in Figure 1.

The pixel 101 comprises a photosensitive diode PD and a switching diode SD coupled in series
between the associated row conductor 102 and associated column conductor 103. In the example shown,
the switching diode SD and photosensitive diode PD are arranged with the cathodes coupled together. A
capacitor C is shown coupled across the photosensitive diode D. This capacitor C may be the parasitic
capacitance of the photosensitive diode PD or may be an additional capacitor added to increase the
dynamic range of the image sensor 100.

Each column conductor 103 is coupled to a suitable charge sensitive amplifier 104 having a capacitive
coupling between its input and its output.

Such image sensors suffer from image lag resulting from the non-linear forward resistance of the
switching diode SD which causes the resistance of the switching diode SD to increase as the voltage across
the diode drops. Thus, light falling on the photosensitive diode PD of the pixel 101 causes the capacitance
C of the photosensitive diode PD to be discharged. When an appropriate voltage Vy is applied to the
associated row conductor 102 to forward bias the switching diode SD, a current starts to flow to recharge
the photosensitive diode PD capacitance C enabling the charge stored at the photosensitive diode PD to be
integrated by the charge sensitive amplifier 104. However, as the voltage across the photosensitive diode
PD rises, the voltage across the switching diode SD decreases and so the forward resistance of the
switching diode SD increases. The rate of charging of the photosensitive diode capacitance C thus slows
down and at the end of the readout period, the photosensitive diode capacitance C will not have been
completely recharged. The row voltage Vp falls at the end of the readout pulse and the switching diode SD
again becomes reverse-biased. Even when light does not fall on the photosensitive diode PD in the
integration period between readout pulses, when the next readout pulse is applied to the row conductor 102,
the switching diode SD is again forward-biased because charging of the photosensitive diode capacitance C
was not completed during the previous readout pulse. A small amount of current thus flows and the
photosensitive diode capacitance C is charged a little more. This process repeats for the next few readout
pulses with, each time, the amount of charging becoming a little smaller.

Figure 2a illustrates graphically the change in the row voltage Vg with time and shows the application of
four sequential readout pulses R,, Ry, R> and Rs at times 1o, t1, f2 and ts respectively for the situation
where no light has fallen on the pixel since just before the first readout pulse. Figure 2b illustrates the
change in the voltage Vx across the photosensitive diode capacitance C for the time period within which the
four row voltage pulses are sequentially applied. As can be clearly seen from Figure 2b, although no light
has fallen on the photosensitive diode PD since before the first row voltage pulse Ro, the capacitance of the
photosensitive diode PD is not fully recharged during the first readout pulse Rg and is recharged a little
more during the following readout pulses Ry, Rz and Rs. The current that flows is integrated by the charge
sensitive amplifier 104. Figure 2c illustrates the change in voltage of the output of the charge sensitive
amplifier 104 over the time scale of the four readout pulses R, to Rz with the times f, t1, & and 3
representing the commencement of the application of the corresponding readout pulses Rg, R1, R2 and Rs.
Instead of the output voltage Vg dropping from a high voltage Vy to a low voltage V| at the end of the first
readout pulse Rp as indicated by the dashed line a in Figure 2c, the voltage Vp has, as indicated by the
solid line b, a much slower transition towards the low voltage V|, because, as explained above, the
photosensitive diode capacitance C continues to charge during readout pulses following the first readout
pulse Ro after the illumination has been removed. Accordingly, there is a "lag" in the sensed image which
means that any moving or changing image may appear blurred.

EP-A-233489 describes a charge storage device comprising an array of storage elements for storing
charge, the storage elements being arranged in rows and columns with the storage elements in a column
being coupled to a first conductor and the storage elements in a row being coupled to a second and to a
third conductor, each storage element in a row being coupled to the associated second conductor by a first
rectifying or isolation element and to the associated third conductor by a second rectifying or isolation
element with the first and second rectifying elements allowing the passage of current when forward-biassed
by applied voltages.

As described in EP-A-233489, the storage elements comprise photosensitive diodes while the first and
second rectifying elements comprise switching diodes. In operation of the device, appropriate voltages are
applied to the respective second and third conductors associated with a row of storage elements to reverse-
bias the associated first and second rectifying elements when charge is to be stored at the charge storage
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elements of a row and to forward-bias the associated first and second recitifying elements when charge is to
be read from the charge storage elements of a row.

EP-A-233489 thus replaces the switching diode or rectifying element SD with two rectifying elements
coupled in series between two row conductors and couples the photosensitive diode PD to a junction
between the two rectifying elements. The pixel is then read out by applying voltages to the row conductors
that will forward-bias both of the rectifying elements or switching diodes so that a current flows through the
two switching diodes defining a voltage at the junction which, if the two diodes are identical, will be equal to
the average of the voltages applied to the two row conductors. In operation of such a charge storage
device, when a pixel has just been read out and the capacitance of the photosensitive diode has been
charged, the switching diodes are reverse-biased by applying appropriate voltages to the two row
conductors. As light falls on the photosensitive diode PD, charge will be produced and the voltage across
the photosensitive diode PD will fall. When the next readout pulse is applied to the two row conductors to
forward-bias the switching diode, current will flow through the photosensitive diode capacitance C until the
average of the voltages of the two row conductors is reached. Thus, the photosensitive diode capacitance C
can be completely recharged within the corresponding readout pulse and there is accordingly little or no
lag.

However, the charge storage device illustrated in EP-A-233489 requires two row conductors for each
row of charge storage elements which necessarily increases the amount of area within the device which
must be taken up by the conductors and, moreover, requires a greater number of connections between
conductors and corresponding driving circuits for applying voltages to the row and column conductors.

The increased number of row conductors inevitably increases the area occupied by conductors within
the device at the expense of the area available to the storage elements. This may be of particular
disadvantage where the charge storage device is an image sensor and the image sensor needs fo be as
transparent as possible to enable, for example, a display such as a CRT (Cathode Ray Tube) or LCD
(Liquid Crystal Device) display to be viewed through the image sensor or where it is desirable to have as
large a photosensitive area as possible, for example where the device is an image sensor for use in X-ray
diagnostics.

According to a first aspect of the present invention, there is provided a charge storage device
comprising an array of storage elements for storing charge, the storage elements being arranged in rows
and columns with the storage elements in a column being coupled to a first conductor and the storage
elements in a row being coupled to a second and to a third conductor, each storage element in a row being
coupled to the associated second conductor by a first rectifying element and to the associated third
conductor by a second rectifying element with the first and second rectifying elements allowing the passage
of current when forward-biassed by applied voltages, characterised in that the third conductor of each row
of storage elements also forms the second conductor of any adjacent rows of storage elements, in that the
first and second rectifying elements associated with storage elements in alternate rows are oppositely
oriented to the first and second rectifying elements associated with storage elements in the remaining rows
so that when forward-biassed the first and second rectifying elements associated with storage elements in
the said alternate rows allow current to flow in one direction between the second and third conductors while
when forward-biassed the first and second rectifying elements associated with storage elements in the
remaining rows allow current to flow in the opposite direction between the second and third conductors and
in that means are provided for applying voltages to the second and third conductors for enabling only the
rectifying elements associated with a selected row of charge storage elements to be forward-biassed fo
allow charge stored at the storage elements of the selected row to be read.

It should be understood that, as used herein, the term "rectifying element" means any element which
has an asymmetric characteristic and passes as low a current as possible in one direction (the reverse
direction) and the required current in the other direction (the forward direction).

Thus, in a device in accordance with the present invention, the problems of incomplete recharging of
charge storage elements may be reduced without having to increase the overall number of conductors
associated with the rows of storage elements.

The storage elements may each comprise a photosensitive element for, in one mode of operation,
storing charge in response to light incident on the photosensitive element.

The photosensitive elements may comprise photosensitive diodes, for example p-i-n photosensitive
diodes formed by thin film technology.

The rectifying elements may comprise diodes which may be formed by thin film technology.

One of the rectifying elements associated with each storage element may also comprise a photosen-
sitive element and the rectifying elements and storage elements may be arranged so as to reduce leakage
current from a storage element during the reading out of charge from another storage element in the same
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column of storage elements.

In one example, the storage and rectifying elements comprise junction diodes and the storage elements
and one of the first and second rectifying elements associated with each storage element are photosen-
sitive, the rectifying elements and storage elements being arranged so that, for each storage element and
the associated first and second rectifying elements:

(Cx + Cy)IP = CPID

where C,, Cy and Cp are the intrinsic capacitances of the photosensitive rectifying element, the other
rectifying element and the photosensitive storage element, respectively, and lp and Ip are the currents
generated by light incident on the photosensitive storage element and the photosensitive rectifying element,
thereby reducing leakage current from a storage element during the reading out of charge from another
storage element in the same column of storage elements.

In such an example, for each storage element, the associated rectifying elements may have a given
area and the storage element and the photosensitive rectifying element a second given area which is
exposed to incident light with the respective areas of the rectifying and storage elements being such that :

Ao _ _'iq_a
2Appy Aps

where Apgz and App are the areas of a storage element and the associated rectifying elements, respectively,
while Agz and Acpy are the second given areas of a storage element and the associated photosensitive
rectifying element, respectively, which are exposed to incident light.

The means for applying voltages to the second and third conductors for enabling only the recitifying
elements associated with a selected row of charge storage elements to be forward-biassed to allow charge
stored at the storage elements of the selected row o be read may comprise a first voltage supplying means
for supplying voltages to the second conductors and a second voltage supplying means for supplying
voltages to the third conductors. This should enable voltage supplying means which are only capable of
providing two different voltages to be used.

There is also provided a method of operating a device in accordance with the first aspect of the
invention, which method comprises sequentially reading charge stored at each charge storage element of a
column by applying a first voltage to one and a second voltage to the other of the second and third
conductors associated with the selected row containing the charge storage element to be read to forward-
bias the associated first and second rectifying elements, applying a third voltage to any second conductor
adjacent the said other second conductor of the selected row and a fourth voltage to any second conductor
adjacent the said one second conductor of the selected row to reverse-bias the first and second recitifying
elements associated with the or each row of charge storage elements adjacent the selected row and
applying the second and third voltages to alternate ones of the remaining second conductors to reverse-
bias the first and second reciifying elements associated with the remaining rows of charge storage
elements.

In one example, the second voltage is ground, the first voltage is positive with respect to the second
voltage, the third voltage is negative with respect to the second voltage and the fourth voltage is positive
with respect to the first voltage. Other drive schemes may be possible.

Embodiments of the present invention will now be described, by way of example, with reference to the
accompanying drawings, in which:

Figure 1 is a very simple circuit diagram of one pixel of a known charge storage device;

Figures 2a, b and c illustrate graphically the operation of the known charge storage device;

Figure 3 is a schematic circuit layout for a charge storage device in accordance with the invention, which
charge storage device is in the example shown an image sensor;

Figure 4 shows a plan view of part of an image sensor in accordance with the invention illustrating one
possible layout;

Figure 5 is a cross-sectional view taken along the line V-V in Figure 4;

Figure 6 is a cross-sectional view taken along the line VI-VI in Figure 4;

Figures 7 and 8 are schematic diagrams each showing part of an image sensor in accordance with the
invention for illustrating the operation of the device;
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Figure 9 illustrates graphically the difference in lag characteristics of a pixel of a charge storage device
in accordance with the invention and a pixel such as that shown in Figure 1;

Figure 10 illustrates a circuit diagram of a pixel of a modified image sensor in accordance with the
invention; and

Figure 11 illustrates an equivalent circuit diagram for the pixel shown in Figure 10.

It should of course be understood that the drawings are not o scale and that like reference numerals
are used throughout text to refer to like parts.

Referring now to Figures 3 to 8 of the drawings, there is illustrated a charge storage device 1
comprising an array 2 of storage elements 3 for storing charge, the storage elements 3 being arranged in
rows and columns with the storage elements 3 in a column being coupled to a first conductor 4 and the
storage elements 3 in a row being coupled to a second 5a, 5b and to a third 6a, 6b conductor, each storage
element 3 in a row being coupled to the associated second conductor 5a, 5b by a first rectifying element
D1 and to the associated third conductor 6a, 6b by a second recitifying element D2 with the first and second
rectifying elements D1 and D2 allowing the passage of current when forward-biased by applied voltages.

In accordance with the invention, the third conductor 6a, 6b of each row of storage elements 3 also
forms the second conductor 5a, 5b of any adjacent rows of storage elements 3, the first and second
rectifying elements D1' and D2' associated with storage elements 3a in alternate rows N-2, N, N+2, N+4,
.. (N+2n, where n is an integer) are oppositely oriented to the first and second rectifying elements D1" and
D2" associated with storage elements 3b in the remaining rows N-1, N+1, N+3, N+5 ... (N+(2n-1), where
n is an integer) so that when forward-biased the first and second recitifying elements D1' and D2' associated
with charge storage elements 3a in the said alternate rows N, N+2, N+4, ... allow current to flow in one
direction between the second and third conductors 5a and 6b while when forward-biased the first and
second rectifying elements D1" and D2" associated with storage elements 3b in the remaining rows N +1,
N+3 ... allow current to flow in the opposite direction between the second and third conductors 5b and 6a
and means 7 are provided for applying voltages to the second and third conductors 5a, 5b and 6a, 6b for
enabling only the first and second rectifying elements D1 and D2 associated with a selected row of storage
elements 3 to be forward-biased to allow charge stored at the storage elements of the selected row to be
read.

Thus, in a device in accordance with the present invention, the problems of incomplete recharging of
storage elements 3 may be reduced without having to increase the overall number of conductors associated
with the rows of storage elements 3.

Figure 3 is a schematic layout diagram of one example of a charge storage device 1 in accordance with
the invention. In this example, the charge storage device 1 is an image sensor.

The image sensor 1 comprises an array 2 of pixels 2a arranged in rows and columns. The border of the
array 2 is illustrated by a dashed line in Figure 3. Although only an array of three columns and eight rows of
pixels 2a is shown in Figure 3, it will be appreciated by those skilled in the art that the array may generally
comprise a much larger number of rows and columns of pixels 2a.

Each pixel 2a comprises a photosensitive diode 3 coupled between an associated first or column
conductor 4 and a junction J between associated first and second switching diodes D1 and D2. The
switching diodes D1 and D2 are coupled in series between the associated second and third conductors 5
and 6.

The switching diodes D1' and D2' in alternate rows N-2, N, N+2, N+4 ...(N+2n) are oriented so that
the anodes of the first switching diodes D1' are coupled to the associated second conductor 5a while the
cathodes of the switching diodes D2' are coupled to the associated third conductor 6b. The swiiching
diodes D1" and D2" associated with the remaining rows N-1, N+1, N+3 ..(N+(2n-1)) of pixels 2a are
oppositely oriented to the switching diodes D1' and D2' so that the cathodes of the switching diodes D1"
are coupled to the associated second conductor 5b while the anodes of the second switching diodes D2"
are coupled to the associated third conductor 6a.

In each of the pixels 2a, the photosensitive diodes 3 are oriented so that the cathode of each
photosensitive diode 3 is coupled to the junction J between the corresponding first and second switching
diodes D1 and D2. As is clearly evident from Figure 3, the third conductor 6b of the Nth row of pixels 2a
forms the second conductor 5b of the N+ 1 row of pixels 2a while the third conductor 6a of the N+ 1 row of
pixels 2a forms the second conductor 5a of the N+ 2 row of pixels 2a.

In the example illustrated in Figure 3, first and second driving circuit arrangements 7a and 7b are
provided for supplying the appropriate voltages to the conductors 5 and 6. The first driving circuit
arrangement 7a is arranged to supply the appropriate voltages fo alternate conductors 5a, 6a while the
second driving circuit arrangement 7b is arranged to supply appropriate voltages to the remaining
conductors 5b, 6b.
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Each of the row conductors 5a, 6a is coupled to voltage supply lines V+ and V- via respective
switching transistors 71 and 72. The gate or control electrodes of the switching transistors 71 and 72 are
coupled to a shift register and decoder circuit 70a. The second row driving circuit 7b similarly comprises
switching transistors 73 and 74 coupling the row conductors 5b, 6b to voltage supply lines Vo and V+ +,
respectively, and having their control or gate electrodes coupled to a shift register and decoder circuit 70b.
The shift register and decoder circuits 70a and 70b are arranged to activate the appropriate transistors 71 to
74 under the control of clock signals in known manner to allow the appropriate voltage signals to be applied
to the row conductors 5 and 6 at the appropriate times.

The column conductors 4 are each coupled via a respective charge sensitive amplifier 8 of known form
to an output shift register and decoder circuit 9 from which image signals may be supplied by an output O
to an appropriate store or to a display, neither of which is shown.

Each charge sensitive amplifier 8 has its output coupled to its negative input via a capacitor C1 and
serves to convert a current supplied through the associated column conductor 4 during readout of stored
charge into a voltage output. The positive inputs of the charge sensitive amplifiers 8 are coupled to ground
or any suitable fixed reference potential. The fixed reference potential is effectively determined by the row
voltages because the photosensitive diodes must always be reverse-biased.

Although the image sensor 1 may be of any suitable construction, in this example the image sensor 1 is
formed using thin film technology on a suitable insulative substrate. Of course, where it is required for light
fo be capable of passing through the image sensor 1, then the substrate should be fransparent to that light.

The row driver arrangements 7a, 7b, charge sensitive amplifiers 8 and output shift register and decoder
circuit 9 may be formed on separate substrates from (or around the periphery) of the array 2 and may, for
example, be in the form of polycrystalline film transistor circuitry.

Figures 4 shows one pixel of each of adjacent rows N and N+ 1 of one possible schematic layout for
one example of the image sensor shown in Figure 3 while Figure 5 illustrates a cross-sectional view taken
along the line V-V in Figure 4 of a pixel 2a in the Nth one of the rows and Figure 6 illustrates a cross-
sectional view taken along the line VI-VI of the two pixels 2a of the N and N+1 rows and in the same
column.

As indicated above, in this example, the image sensor 1 is formed by thin film technology on an
insulative, generally transparent, substrate 10 which may be formed of a suitable glass or plastics material.

A first electrically conductive layer, generally a chromium layer, is deposited on to the insulative
substrate 10 and defined to form at least part of the row conductors 5, 6, the cathode electrodes 11a and
11b of the first switching diodes D1' and second switching diodes D2", the cathode electrodes 12a and 12b
of the second switching diodes D2' and first switching diodes D1" and the cathode electrodes 13 of the
photosensitive diodes 3. As shown in Figures 4 to 6, the cathode electrodes 11a and 11b are formed
integrally with the cathode electrode 13 of the associated photosensitive diode 3 while the cathode
electrodes 12a and 12b are formed integrally with at least part of the associated row conductor 5b, 6b.

In this example, the photosensitive diodes 3 and the switching diodes D1 and D2 are formed as
amorphous silicon n-i-p diodes by depositing in sequence n conductivity, intrinsic conductivity and p
conductivity amorphous silicon layers. These layers are then patterned to define the diode structures as
shown in Figures 5 and 6. In the interests of simplicity, the diode structures are not shown cross-hatched in
Figures 5 and 6.

An insulating layer, generally a silicon nitride layer, is then deposited and patterned to define dielectric
isolation regions 14. A second electrically conductive layer, again generally a chromium layer, is then
deposited and patterned to define first interconnects 15a and 15b respectively coupling the anode of each
first switching diode D1' and each second switching diode D2" to the associated row conductor 5a,6a,
second interconnects 16a and 16b respectively coupling the cathode of each first switching diode D1' to the
anode of the associated second switching diode D2' and the cathode of each second switching diode D2"
fo the anode of the associated first switching diode D1", and at least part of the column conductors 4.
Although not shown, if considered desirable, a protective transparent insulating layer such as a layer of
polyimide, may be deposited over the structure.

As is clearly shown in the example of Figure 4, the layout structure of the pixels 2a of the remaining
rows N-1, N+1, N+3, ... of the image sensor is effectively a mirror image of the pixels 2a of the rows N-2,
N, N+2, ...

The layout of the image sensor may have any appropriate pattern but, as shown in Figure 4, the row
and column conductors 4 and 5, 6 define a rectangular, generally square grid with the switching diodes D1
and D2 and the photosensitive diodes 3 taking up as little area as possible of the pixels 2a to allow the
image sensor to be as transparent as possible enabling the image sensor to be placed on top of something
else such as a display without significantly obscuring the display. Of course, where maximum sensitivity is
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required (for example for X-ray diagnostics equipment), then the areas of the photosensitive diodes 3
should be as large as possible.

The above described structure enables all of the diodes D1, D2 and 3 to be formed as n-i-p rather than
p-i-n diodes so enabling all of the diodes to be formed simultaneously. However, if desired, appropriate
ones of the diodes may be formed as p-i-n diodes which should simply simplify the interconnection and
metallisation patterns. In practice, the most suitable form of diode structure for the particular application will
be used, it being borne in mind that generally n-i-p diodes are better photosensitive diodes than p-i-n
diodes while p-i-n diodes are better switching diodes than n-i-p diodes.

Of course, as will be appreciated by the person skilled in the art, the switching diodes D1 and D2 differ
from the photosensitive diodes 3 in that the anode and cathode elecirodes of the switching diodes shield
the diodes from any incident light whereas the photosensitive diodes 3 are, of course, as shown in Figures
5 and 6, exposed by incident on the anode side of the photosensitive diode 3.

The operation of the image sensor described above will now be explained with reference to Figures 7
and 8 which each show part of the image sensor and indicate the voltages applied during read out of a
pixel. Figure 7 shows the situation where a pixel X in row N is being read out while Figure 8 shows the
situation where a pixel Y in row N+1 is being read out.

Referring first to Figure 7, in order to read out charge previously stored at a pixel X in row N, the first or
left row driving circuit 70a renders conducting the fransistors 71 coupled to the row conductors 5a of the
pixel rows N-2, N+2, N+4, ... and the fransistor 72 coupled to the row conductor 5a of the pixel row N.
Thus, the row conductor 5a of the pixel row N is coupled to the voltage supply line V+ while the row
conductors 5a of the pixel rows N-2, N+2, N+4, ..(N+2n,where n#0) are coupled to the voltage supply
line V-. At the same time, the second or right row driving circuit 70b renders conducting the transistors 73
coupled to the row conductors 5b of the pixel rows N+1, N+3, N+5, ...(N+(2n-1), where n#0) and the
transistor 74 coupled to the row conductor 5b of the pixel row N-1. Thus, the row conductor 5b of the pixel
row N-1 is coupled to the voltage supply line V+ + while the row conductors 5b of the pixel rows N+1,
N+3, N+5, .. are coupled to the voltage supply line Vo. The voltage V+ + is more positive than the
voltage V + which is itself more positive than the voltage Vo which is more positive than the voltage V-.

The switching diodes D1 and D2 of the pixels 2a in the pixel row N are thus forward-biased while the
switching diodes D1 and D2 of the pixels 2a of the pixel rows except the row N are reverse-biased. Current
will flow through the photosensitive diode capacitances C of the pixels of the pixel row N to be integrated
by the associated charge sensitive amplifier 8 which supplies an output signal to the output shift register
and decoder circuit 9 from which image signals may be supplied by an output O to an appropriate store or
to a display, neither of which is shown. Current flows through the photosensitive diode capacitances C of
the pixels of the pixel row N until the average of the voltages of the two associated row conductors is
reached. Thus, the photosensitive diode capacitance C can be completely recharged within the correspond-
ing readout pulse and there is accordingly no, or at least considerably reduced, lag.

In order to read out charge previously stored at a pixel Y in row N +1, as illustrated in Figure 8, the first
or left row driving circuit 70a renders conducting the transistors 71 coupled to the row conductors 5a of the
pixel rows N-2, N, N+4, ._.(N+2n, where n#1) and the transistor 72 coupled to the row conductor 5a of the
pixel row N+2. Thus, the row conductor 5a of the pixel row N +2 is coupled to the voltage supply line V +
while the row conductors 5a of the pixel rows N-2, N, N+4, ... (N+2n, where n¥1) are coupled to the
voltage supply line V-. At the same time, the second or right row driving circuit 70b renders conducting the
transistors 73 coupled to the row conductors 5b of the pixel rows N-1, N+ 1, N+5, .. (N +(2n-1), where n¥2)
and the ftransistor 74 coupled to the row conductor 5b of the pixel row N+ 3. Thus, the row conductor 5b of
the pixel row N+ 3 is coupled to the voltage supply line V+ + while the row conductors 5b of the pixel rows
N-1, N+1, N+5, .. are coupled to the voltage supply line Vo.

The switching diodes D1 and D2 of the pixels 2a in the pixel row N +1 are thus forward-biased while
the switching diodes D1 and D2 of the pixels 2a of the pixel rows except the row N +1 are reverse-biased.
Current will flow through the photosensitive diode capacitances C of the pixels of the pixel row N+1 to be
integrated by the associated charge sensitive amplifier 8 which supplies an output signal to the output shift
register and decoder circuit 9 from which image signals may be supplied by an output O to an appropriate
store or 1o a display, neither of which is shown.

Again, current flows through the photosensitive diode capacitances C of the pixels of the pixel row N+1
until the average of the voltages of the two associated row conductors is reached so that the photosensitive
diode capacitance C can be completely recharged within the corresponding readout pulse and there is
accordingly no, or at least considerably reduced, lag.

This means that if the noise associated with the image sensor is low, the image sensor can operate in
low-light conditions without excessive lag problems. Also, it should be possible to read the pixels more
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quickly because the switching diodes D1 and D2 of the selected pixel row are strongly forward biased and
are able to recharge the pixel capacitances quickly. Moreover, for a given frame time (that is the time to
read out the entire image sensor) the image sensor should exhibit very little vertical cross-talk, that is
interterence between column conductors, because such cross-talk is a function of the time for which a row
is selected and the frame time and in the present case, the row select time can be reduced. In addition, the
fact that the number of row conductors is half that of a conventional image sensor such as that shown in
Figure 1 and a quarter that of the device described in EP-A-233489, means that an image sensor in
accordance with the present invention is particularly suitable for mounting on a common substrate with
other similar image sensors in the manner described in EP-A-555907 because of the resulting larger
separation of the row conductors.

In addition, the area available on the image sensor which is not occupied by the conductors is
increased so allowing the image sensor to be more transparent where that is desirable, for example where
the image sensor is to be mounted over a display. As an alternative, this allows the photosensitive elements
fo be larger which may be especially desirable for X-ray diagnostics applications where light levels may be
low and a high sensitivity consequently required.

Each row of pixels may be read in sequence by applying the appropriate voltages to the appropriate
row conductors 5,6. When the pixels of a particular row are being read out, the remaining pixels have their
associated switching diodes D1 and D2 reverse-biased and accordingly these pixels are in their integration
period in which charge resulting from the photo-generation of charge carriers within the photosensitive
diode by any light incident on the pixel is stored at the pixel. Thus, the charge stored at a row of pixels
during the integration period is read out in the subsequent read out period and the rows of pixels are read
out sequentially. The columns may be read out simultaneously or sequentially as desired.

Figure 9 illustrates graphically the relationship between the output voltage Vo Of a charge sensitive
amplifier 8 and the number of frames or readout pulses F applied to a given pixel which has only been
illuminated during the integration period immediately preceding the first readout pulse or frame 1. The
emboldened dashed line 40 shows the results for a pixel of the type shown in Figure 1 and clearly indicates
the existence of lag while the striped line 41 shows the results for a pixel of an image sensor in accordance
with the invention and shows very little, indeed almost no, lag.

Of course, the device 1 may be other than an image sensor and could be, for example, a memory
device or a temperature sensing device and may be formed using any suitable technology in place of the
thin film technology described above.

In the examples of image sensors in accordance with the invention described so far, although vertical
cross-talk should be much reduced compared to conventional devices as discussed above, some vertical
cross-talk may still arise from unwanted currents flowing down the column conductors 4 from unselected
pixels 2a when a selected pixel in the same column is being read out. The result of this vertical cross-talk is
that the integrated output from the charge sensitive amplifier 8 for the selected pixel may include
contributions from all of the other pixels in that column. The main source of the unwanted column currents
is "dynamic leakage" from the unselected pixels in that column. Thus, when a pixel is sensing light, the
intrinsic capacitance of the photosensitive diode 3 is being discharged by the photo-generation of charge
carriers within the photosensitive diode 3, which in turn means that the voltage across the switching diode
D1 is changing. The changing voltage Vi at the midpoint J between the two switching diodes D1 and D2
causes a current

| = Gy (1)

to flow through the capacitance Cp of the switching diode D1 and hence down the associated column
conductor 4 so causing vertical cross-talk. This could have the effect of removing information from an image
because, for example, black text on a white background could appear white and so be lost in the
background.

Figure 10 illustrates one pixel 2b of a modified image sensor 1a in accordance with the invention which
is designed to eliminate or at least substantially reduce vertical cross-talk. The modified image sensor 1a
differs from that discussed above in that the first rectifying elements or diodes D1' and D1" (because only
one pixel is shown for the sake of convenience, the first and second rectifying elements or diodes are
referred to hereinafter simply as D1 and D2) are formed so as to be photosensitive. This can be achieved
by, in the example illustrated by Figures 5 and 6, forming the electrodes 15a and 16b so as to have a
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section which is fransparent to the light to be detected. This is most simply achieved by modifying the
metallisation-defining mask to provide a contact hole in the electrodes 15a and 16b. The capacitances Cy
and G, shown in Figure 10 represent the intrinsic capacitances of the diodes D1 and D2, respectively, while
the capacitance Cj represents the intrinsic capacitance of the photosensitive diode 3.

Figure 11 is an equivalent circuit diagram for the pixel 2b shown in Figure 10. In Figure 11, the
photosensitive switching diode D1 is represented as a source of current Ip in parallel with the capacitance
Cx while the photosensitive diode 3 is represented as a current of current Ip in parallel with the capacitance
Cp. The non-photosensitive switching diode D2 is represented simply as the capacitance Cy in parallel with
the capacitance Cyx because it of course is not responsive to incident light.

Consider the situation where the pixel 2a is sensing light while another pixel is being read out. From
Figure 11 and using Kirchhoff's Law, then the leakage current || flowing down the column conductor 4 from
the unselected pixel 2a is:

lo-1 = ly @)
where |y is the current flowing through the capacitance Cp, and
I+ Ip = Ix 3)

where Ix is the current flowing through the capacitance Cx
also

dv dv
Iy = ~(Cx+Cy)—=, Iy = -Cp,—X @)
X X Y.
da Y P dt
From equations 2,3 and 4 an expression can be obtained for I, as follows
_ (Cx+Cy)lp-Colp (5)
L=
Cp+(Cx+Cy)
From equation 5, the condition for zero leakage current | is:
(Cx *+ Gy)lp = Cplp (6)
Thus if
| |
P___D (7)
Cp (Cx+Cy)

then I equals zero and the vertical crosstalk is eliminated.

The photosensitive current lpporo is equal to KAc where K is a constant and Ac is the area of the
photodiode which is exposed to light (normally this area is the area of the hole in the opaque electrode or
contact of the photodiode, for example the elecirode 4 of the photosensitive diode 3 in Figure 5).
Accordingly the condition for no leakage current can be defined by the geometry of the photosensitive
diodes D1 and 3. If it is assumed that the switching diodes D1 and D2 are of equal area and the thickness
of all three diodes D1, D2 and 3 of a pixel is the same, then, in terms of this geometry, equation 7
becomes:

10
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Acpy | Acs

2Ap, Apz

where Appr and Aps are the areas of the switching diode D1 and photosensitive diode 3, respectively, and
are thus proportional to their respective capacitances while Agpy and Ags are the areas of the swiiching
diode D1 and photosensitive diode 3, respectively, exposed fo incident light and are so proportional to the
photocurrent generated by light incident on the respective diode. As used herein the term "area" in relation
fo the diodes D1, D2 and 3 means the area of the diode in a plane generally parallel fo the diode
electrodes, that is, in relation to Figures 5 and 6, in a plane parallel to the surface 10a of the substrate 10
upon which the diodes are formed. The thicknesses of the diodes are measured in a direction perpendicular
to the surface of the substrate 10.

Accordingly, by appropriately selecting the relative geometries of the diodes D1, D2 and 3, the leakage
current from an unselected pixel in the column of the selected pixel will flow internally within the
capacitance/photocurrent loop of the diode D1 of that unselected pixel and not through the column
conductor 4, so eliminating or at least substantially reducing the vertical cross-talk. Thus, for example, if the
areas of the contact holes of the two photosensitive diodes Acps and Acs are equal, then, for zero vertical
cross-talk, the area Ap; of the photodiode 3 should be twice that Appy of the photosensitive switching diode
D1.

As will be appreciated by those skilled in the art, other drive schemes may be possible and a single
row driver may be used if a suitable source capable of providing four different voltage levels is available.
Also, with appropriate reversal of voltages, the photosensitive diodes 3 may be reversed so as to have their
anodes connected to the junctions J between the first and second switching diodes D1 and D2.

Also, the row and column conductors need not necessarily extend horizontally and vertically as shown
in the drawings. Indeed, the row conductors may extend vertically while the column conductors extend
horizontally, that is the device as shown in Figures 3 to 7 may be rotated through 90°. Similarly, the row
and column conductors need not necessarily be perpendicular to one another, any suitable arrangement
may be used.

It should , of course, be understood that the orientations of the diodes may be reversed, although this
will of course require appropriate changes in the voltages required to drive the device.

The rectifying elements need not necessarily be diodes but could be any suitable form of, generally
two-terminal, element which has an asymmetric characteristic and passes as low a current as possible in
one direction (the reverse direction) and the required current in the other direction (the forward direction).
Similarly, the photosensitive elements need not necessarily be diodes but could be other types of
photosensitive device which pass current only when illuminated. Thus, for example, the photosensitive
diodes could be replaced by photoconductors, for example formed of lead oxide, each in series with an
appropriate capacitance.

From reading the present disclosure, other modifications and variations will be apparent to persons
skilled in the art. Such modifications and variations may involve other features which are already known in
the art and which may be used instead of or in addition to features already described herein. Although
claims have been formulated in this application to particular combinations of features, it should be
understood that the scope of the disclosure of the present application also includes any novel feature or
combination of features disclosed herein either explicitly or implicitly, whether or not relating to the same
invention as presently claimed in any claim and whether or not it mitigates any or all of the same technical
problems as does the presently claimed invention. The applicants hereby give notice that new claims may
be formulated to such features and/or combinations of such features during prosecution of the present
application or of any further application derived therefrom.

Claims

1. A charge storage device comprising an array of storage elements for storing charge, the storage
elements being arranged in rows and columns with the storage elements in a column being coupled to
a first conductor and the storage elements in a row being coupled to a second and to a third conductor,
each storage element in a row being coupled to the associated second conductor by a first rectifying
element and to the associated third conductor by a second recitifying element with the first and second
rectifying elements allowing the passage of current when forward-biassed by applied voltages, charac-
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terised in that the third conductor of each row of storage elements also forms the second conductor of
any adjacent rows of storage elements, in that the first and second rectifying elements associated with
storage elements in alternate rows are oppositely oriented to the first and second rectifying elements
associated with storage elements in the remaining rows so that when forward-biassed the first and
second rectifying elements associated with storage elements in the said alternate rows allow current to
flow in one direction between the second and third conductors while when forward-biassed the first and
second rectifying elements associated with storage elements in the remaining rows allow current to flow
in the opposite direction between the second and third conductors and in that means are provided for
applying voltages to the second and third conductors for enabling only the rectifying elements
associated with a selected row of charge storage elements to be forward-biassed to allow charge stored
at the storage elements of the selected row to be read.

A charge storage device according to Claim 1, wherein the charge storage elements each comprise a
photosensitive element for, in one mode of operation, storing charge in response to light incident on the
photosensitive element.

A charge storage device according to Claim 2, wherein the photosensitive elements comprise pho-
fosensitive diodes.

A charge storage device according to Claim 2 or 3, wherein one of the rectifying elements associated
with each storage element also comprises a photosensitive element and the rectifying elements and
storage elements are arranged so as to reduce leakage current from a storage element during the
reading out of charge from another storage element in the same column of storage elements.

A charge storage device according to any one of the preceding claims, wherein the rectifying elements
comprise diodes.

A charge storage device according to Claim 1, wherein the storage and rectifying elements comprise
junction diodes with the storage elements and one of the first and second rectifying elements
associated with each storage element being photosensitive and the rectifying elements and storage
elements are arranged so that, for each storage element and the associated first and second rectifying
elements:

(Cx + Cy)IP = CPID

where C,, C, and Cp are the intrinsic capacitances of the photosensitive rectifying element, the other
rectifying element and the photosensitive storage element, respectively, and lp and Ip are the currents
generated by light incident on the photosensitive storage element and the photosensitive rectifying
element, thereby reducing leakage current from a storage element during the reading out of charge
from another storage element in the same column of storage elements.

A charge storage device according to Claim 6, wherein, for each storage element, the associated
rectifying elements have a given area and the storage element and the photosensitive rectifying
element have a second given area which is exposed to incident light with the respective areas of the
rectifying and storage elements being such that:

Acp _| Acs
2Apps ) \Aps

where Apg and App; are the areas of a storage element and the associated rectifying elements,
respectively, while Agg and Acpy are the second given areas of a storage element and the associated
photosensitive rectifying element, respectively, which are exposed to incident light.

A charge storage device according to any one of the preceding claims, wherein the means for applying
voltages to the second and third conductors for enabling only the rectifying elements associated with a
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selected row of charge storage elements to be forward-biassed to allow charge stored at the storage
elements of the selected row to be read comprises a first voltage supplying means for supplying
voltages to the second conductors and a second voltage supplying means for supplying voltages to the
third conductors.

A method of operating a device in accordance with any one of the preceding claims, which method
comprises sequentially reading charge stored at each charge storage element of a column by applying
a first voltage to one and a second voltage to the other of the second and third conductors associated
with the selected row containing the charge storage element to be read to forward-bias the associated
first and second rectifying elements, applying a third voltage to any second conductor adjacent the said
other second conductor of the selected row and a fourth voltage to any second conductor adjacent the
said one second conductor of the selected row to reverse-bias the first and second rectifying elements
associated with the or each row of charge storage elements adjacent the selected row and applying the
second and third voltages to alternate ones of the remaining second conductors to reverse-bias the first
and second rectifying elements associated with the remaining rows of charge storage elements.

A method according to Claim 9, wherein the second voltage is ground, the first voltage is positive with

respect to the second voltage, the third voltage is negative with respect to the second voltage and the
fourth voltage is positive with respect to the first voltage.

13
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